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140 L.-W. Lee et al.treated with hand filing and MTA placement; and Group 4 were treated with hand filing and
Ca(OH)2 medication.
Results: Group 1 incisors needed the shortest mean duration (5.4  1.1 weeks) for apical hard
tissue barrier formation, followed by Group 3 incisors (7.8  1.8 weeks), Group 2 incisors
(11.3  1.3 weeks), and Group 4 incisors (13.1  1.5 weeks). Group 1 incisors had a significantly
shorter mean elongated root length (2.1  0.2 mm) after treatment than Group 2 incisors
(3.5  0.3 mm, p < 0.001), and Group 3 incisors had a significantly shorter mean elongated root
length (2.1  0.1 mm) after treatment than Group 4 incisors (3.7  0.3 mm, p < 0.001).
Conclusion: Necrotic open-apex incisors treated with ultrasonic filing plus MTA placement
need the shortest mean duration for apical hard tissue barrier formation. For elongation of api-
cal root length, Ca(OH)2 apexification/apexogenesis is better than MTA apexification/apexo-
genesis, regardless if either ultrasonic or hand filing are used.
Copyright ª 2014, Elsevier Taiwan LLC & Formosan Medical Association. All rights reserved.Introduction
Traffic accidents result in a high incidence of teeth injury in
adolescents aged 7e10 years.1 The most frequently trau-
matized teeth in children are upper central incisors.2
Several pulp therapy techniques have been recommended
to preserve pulp tissue in teeth with complicated crown
fractures. Calcium hydroxide apexification/apexogenesis
using conventional hand filing has been widely used for
treatment of traumatized teeth, but recently mineral
trioxide aggregate (MTA) has been recommended to replace
calcium hydroxide for such usage.3 However, comparison of
the effect of calcium hydroxide and MTA on apical barrier
formation in a large sample size of traumatized teeth in
children has not been reported. Furthermore, using ultra-
sonic filing instead of hand filing for apexification/apexo-
genesis procedure has not been extensively investigated.
Hermann4 introduced the use of calcium hydroxide in
endodontics in 1920. Calcium hydroxide is a slow-acting
antiseptic intracanal medication that needs a 24-hour
contact period for the complete killing of enterococci and
a 1-week contact period to achieve a bacterial reduction
rate of 92.5%.5,6 In addition, calcium hydroxide has the
extraordinary ability to hydrolyze the lipid moiety of bac-
terial lipopolysaccharide, resulting in inactivation of the
biologic activity of lipopolysaccharide and subsequent
cessation of lipopolysaccharide-induced inflammation in
the periradicular tissue.7 Although teeth treated with cal-
cium hydroxide need a prolonged period to form the apical
barrier and the treated teeth are susceptible to fracture
during the treatment period, calcium hydroxide is the most
widely-used medication for apexification/apexogenesis
traditionally. The use of MTA in endodontics was introduced
in 1993 by Torabinejad et al.8 It has excellent biocompati-
bility as well as sealing, osteogenesis, and cementogenesis
abilities.9e11 Moreover, it also has the inducing ability to
promote the formation of apatite-like crystals on the outer
contact surface when exposed to body fluid.12 Up to now,
MTA has been popularly adopted as an intracanal medica-
tion in apexification/apexogenesis procedure.
Ultrasonic machines have been used in endodontics for a
relatively long period. They provide energized filing and
continuous large-volume irrigation simultaneously. Ultra-
sonic filing alone has bactericidal effects. If combined withantibacterial irrigation solutions, ultrasonics cause rapid
penetration of antimicrobial agents into the dentinal tu-
bules, producing a sonosynergistic effect on disinfection of
the root canal system.13 According to the study of Ahmad
et al,14 ultrasonic filing using a small-sized file without
direct contact with the canal wall can produce greater
acoustic streaming, larger velocity, and more power, and
thus generate better efficacy on cleaning the root canal
surface than using a large file with direct contact with the
canal wall. This advantage can be used to prevent the
fracture of thin-walled necrotic immature permanent teeth
treated with the apexification/apexogenesis procedure
using calcium hydroxide or MTA as the intracanal medica-
tion. In this study, the clinical outcomes for 40 necrotic
immature permanent incisors treated with calcium hy-
droxide or MTA apexification/apexogenesis using either ul-
trasonic or hand filing were assessed.Materials and methods
Forty necrotic immature incisors with open apices ranging
from 1 mm to 3.5 mm in diameter were collected from 40
children aged between 6.5 years and 10 years who were
treated in our hospital. These 40 patients included 18 fe-
male and 22 male children. Of the 40 teeth, 32 were
maxillary central incisors, four were maxillary lateral in-
cisors, and four were mandibular central incisors. Twenty
incisors had the width of root apex <2 mm and the other 20
incisors had the width of root apex between 2 mm and
3.5 mm. These 40 incisors were evenly divided into four
groups according to the patient age (each group included 5
children aged 6.5e8.5 years and 5 children aged 8.6e10
years), type of tooth (each group contained 8 upper central
incisors, 1 upper lateral incisor, and 1 lower central
incisor), width of root apices (each group had 5 incisors
with the width of root apex < 2 mm and 5 incisors with the
width of root apex between 2 mm and 3.5 mm), and
different treatment modalities (Group 1 incisors were
treated with ultrasonic filing plus placement of MTA in the
apical root canal, Group 2 incisors were treated with ul-
trasonic filing plus calcium hydroxide medication, Group 3
incisors were treated with hand filing plus placement of
MTA in the apical root canal, and Group 4 incisors were
Immature incisors treated by apexification 141treated with hand filing plus calcium hydroxide medication;
Table 1). This study used 2.5% sodium hypochlorite for
irrigation of the root canals during the whole treatment
period.
For Groups 1 and 2 incisors, the ENAC ultrasonic ma-
chine (OE-2, 30 kHz, OSADA Electric Co. Ltd., Tokyo,
Japan) was used for ultrasonic filing. For each tooth, the
pulp chamber was accessed, the root canal pathway was
found by size 10 or 15 hand K file, and the working length to
the end of the open apex was established. If the teeth
were maxillary teeth, the maxillary arch was positioned
horizontally prior to ultrasonic filing. In the entire ultra-
sonic filing procedure, the root canal was prefilled with the
2.5% sodium hypochlorite solution and the working file was
kept in a position without contacting the root canal wall to
increase the cleaning efficacy and to prevent damaging the
thin dentinal wall of the root. A size 15 ultrasonic file was
inserted into the coronal root canal, maintained in a fixed
position, and kept oscillating for 10 seconds. Then, the file
was slightly moved up and down and kept oscillating for
another 60 seconds. After that, a size 30 file was inserted
into the coronal root canal and kept oscillating without
contacting the root canal wall for 90 seconds. A size 15 file
was used again and kept oscillating for another 20 seconds.
The total ultrasonic filing period was 3 minutes, and a total
of 90-mL sodium hypochlorite solution was used for irriga-
tion of the root canal. Thus, the rate for root canal irri-
gation was 30 mL of 2.5% sodium hypochlorite solution per
minute.
For Groups 3 and 4 incisors, the root canals were pre-
pared by gentle hand filing (Table 1). The root canal
pathway was found by size 10 or 15 hand file and the
working length was established. The root canal was
tenderly filed by six files sequentially from the small-sized
to the larger-sized files (size 10e35 or size 15e40). The
last three files were step-backed to avoid ledge formation.Table 1 Clinical and radiographic data of 40 necrotic
immature permanent incisors with open apices.
Case no.
Group 1 Group 2 Group 3 Group 4
Age of patient (y)
6.5e8.5 5 5 5 5
8.6e10 5 5 5 5
Type of tooth
Upper central incisor 8 8 8 8
Upper lateral incisor 1 1 1 1
Lower central incisor 1 1 1 1
Width of root apex (mm)
< 2 5 5 5 5
2e3.5 5 5 5 5
Type of filing
Ultrasonic 10 10 0 0
Hand 0 0 10 10
Intracanal medication
Mineral trioxide
aggregate (MTA)
10 0 10 0
Ca(OH)2 0 10 0 10Irrigation with 15 mL of 2.5% sodium hypochlorite solution
was performed before changing to the next larger file. The
total amount of irrigation solution used was also 90 mL per
treatment.
After finishing the ultrasonic or hand filing procedures,
each of the 40 canals was dried by three paper points and
loosely packed with calcium hydroxide in the coronal root
canal as an intracanal medicament for 7 days and the ac-
cess was sealed with intermediate restorative material
(IRM, Caulk Dentsply, Milford, DE, USA). Augmentin
(amoxicillin and clauvic acid 1 g, twice per day for 5 days)
or unasyn (375 mg, once per day for 5 days) was prescribed
to 16 patients with periapical lesions, because all these
patients had either acute or chronic inflammatory symp-
toms and signs. During the second visit, each canal was
irrigated with sodium hypochlorite solution and dried by
three Number 35 paper points. Each tooth received the
same treatment modality as in the first visit until clinical
symptoms and signs associated with the necrotic pulp
subsided.
For Groups 1 and 3 incisors, the MTA powders (White Pro-
Root MTA; Dentsply Maillefer, Ballaigues, Switzerland)
mixed with sterile water were placed in the apical part of
root canal, and backfilled with a root canal plugger. The
MTA paste was condensed to form a 3- to 5-mm layer of
artificial hard tissue barrier to separate the root canal
system from the periapical tissue. A wet cotton pellet was
placed against the MTA and left on the MTA surface in the
root canal for at least 6 hours, and IRM was used to seal the
coronal cavity. After 6 hours or the next day, periapical
radiography of the treated tooth was performed, and the
IRM and cotton pellet were removed to check whether the
filled MTA had fully set. If the MTA did not set properly, the
same procedure was repeated until the filled MTA had fully
set. Regular follow-up once a week was arranged for the
patient. At each visit, the treated tooth was checked by
periapical radiography to examine the radiodensity of the
apical stop and whether there was formation of an apical
hard tissue barrier. For teeth that showed apical hard tissue
barrier formation, the coronal IRM was removed. Then, the
root canals were filled with gutta percha points and root
canal sealer, and the teeth were restored with composite
resin for coronal seal.
For Groups 2 and 4 incisors, well-mixed calcium hy-
droxide paste was placed in the coronal root canal by len-
tulospiral. Then, IRM was used to seal the coronal cavity.
The treated teeth were followed up once every 3 weeks in
the initial 9 weeks and once per week thereafter. At the
three initial follow-up visits, the tooth was checked by
periapical radiography to examine whether the calcium
hydroxide was washed out. If the calcium hydroxide showed
nearly complete loss in the coronal root canal, it was
refilled as before. From the fourth follow-up visit, when the
radiograph showed completion of apical hard tissue barrier
formation, the calcium hydroxide was removed by irrigation
with 2.5% sodium hypochlorite solution and the apical area
of the treated tooth was checked by a thin explorer to
confirm the presence of a real apical hard tissue barrier. For
those without apical hard tissue barrier formation, the
coronal root canal was loosely packed with calcium hy-
droxide as before. For those teeth with apical hard tissue
barrier formation, the canals were then filled with Sealapex
Figure 1 Radiographic features of necrotic open-apex upper
central incisors treated with different types of filing (ultrasonic
or hand) and different intracanal medications [MTA or
Ca(OH)2]. (A) A right upper central incisor with a periapical
radiolucent lesion (1) treated with ultrasonic filing and place-
ment of MTA in the apical root canal showing a blunt root apex
with hard tissue barrier formation and (2) complete regression
of the periapical lesion after treatment. (B) A left upper cen-
tral incisor with a periapical radiolucent lesion (1) treated with
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percha points using a lateral condensation technique.
For all treated incisors, the increased root length was
measured from pre- and postoperative periapical radio-
graphs. The entire root length was measured from the
cementoenamel junction to the end of immature apices
along the middle line between the mesial and distal edges
and recorded at each visit for all treated teeth. The mean
durations of apical hard tissue barrier formation and the
mean elongated root lengths for 40 necrotic immature
permanent incisors were calculated and compared first
among four groups by one way analysis of variance (ANOVA)
and between any two groups by Student t test. A p value
<0.05 was considered statistically significant.Results
All of the 40 incisors showed apical hard tissue barrier
formation with more or less elongation of apical root length
after treatment. All the 16 incisors with periapical radio-
lucent lesions and inflammatory symptoms and signs
demonstrated complete or nearly complete regression of
the periapical lesion and disappearance of symptoms and
signs after treatment. All of the 20 incisors treated with
MTA apexification/apexogenesis showed a blunt root apex
(Fig. 1A and C). Of the 20 incisors treated with calcium
hydroxide apexification/apexogenesis, 16 exhibited a
conical or nearly conical root apex (Fig. 1B and D) and four
a blunt root apex.
The mean durations of apical hard tissue barrier for-
mation for 40 necrotic immature permanent incisors
treated with different types of filing (ultrasonic or hand)
and different intracanal medications (MTA or calcium hy-
droxide) are shown in Table 2. In general, the mean dura-
tion of apical hard tissue barrier formation for necrotic
open-apex incisors treated with ultrasonic filing
(8.4  3.2 weeks) or MTA (6.6  1.9 weeks) was significantly
shorter than those treated with hand filing (10.5  3.2
weeks, pZ 0.045) or calcium hydroxide (12.2  1.6 weeks,
p < 0.001), respectively. Moreover, there was a significant
difference in the mean duration of apical hard tissue bar-
rier formation among the four groups treated with different
types of filing (ultrasonic or hand) and different intracanal
medications (MTA or calcium hydroxide) (p < 0.001). Group
1 incisors needed the shortest mean duration (5.4  1.1
weeks) for apical hard tissue barrier formation, followed byultrasonic filing and intracanal medication of Ca(OH)2 exhibit-
ing a conical root apex with hard tissue barrier formation and
(2) nearly complete healing of the periapical lesion after
treatment. (C) A left upper central incisor with a periapical
radiolucent lesion (1) treated with hand filing and placement of
MTA in the apical root canal showing a blunt root apex with
hard tissue barrier formation and (2) nearly complete regres-
sion of the periapical lesion after treatment. (D) A right upper
central incisor with a periapical radiolucent lesion (1) treated
with hand filing and intracanal medication of Ca(OH)2 showing
a nearly conical root apex with hard tissue barrier formation
and (2) complete healing of the periapical lesion after treat-
ment. MTA Z mineral trioxide aggregate.
Table 2 The mean durations of apical hard tissue barrier formation for 40 necrotic immature permanent incisors treated with
different types of filing (ultrasonic or hand) and different intracanal medications [MTA or Ca(OH)2].
Case no. Mean duration of
apical hard tissue
barrier formation (wk)
p (Student t test)*
Type of filing 0.045
Ultrasonic 20 8.4  3.2
Hand 20 10.5  3.2
Intracanal medication <0.001
MTA 20 6.6  1.9
Ca(OH)2 20 12.2  1.6
Combination <0.001
Group 1: ultrasonic þ MTA 10 5.4  1.1
Group 2: ultrasonic þ Ca(OH)2 10 11.3  1.3
Group 3: hand þ MTA 10 7.8  1.8
Group 4: hand þ Ca(OH)2 10 13.1  1.5
* Student t test showed significant differences in mean duration of apical barrier formation between Groups 1 and 2 (p < 0.001);
between Groups 3 and 4 (p < 0.001); between Groups 1 and 3 (p Z 0.002); and between Groups 2 and 4 (p Z 0.010).
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(11.3  1.3 weeks), and Group 4 incisors (13.1  1.5
weeks). Detailed comparisons of the four mean durations of
apical hard tissue barrier formation between any two
groups are described in Table 2.
The mean elongated root lengths for 40 necrotic imma-
ture permanent incisors treated with different types of
filing (ultrasonic or hand) and different intracanal medi-
cations (MTA or calcium hydroxide) are shown in Table 3. In
general, the mean elongated root length for necrotic open-
apex incisors treated with MTA (2.1  0.2 mm) was signifi-
cantly shorter than those treated with calcium hydroxide
(3.6  0.3 mm, p < 0.001). However, there was no signifi-
cant difference in the mean elongated root length between
teeth treated with ultrasonic filing (2.8  0.8 mm) and
teeth treated with hand filing (2.9  0.8 mm, p Z 0.695).
Moreover, there was a significant difference in the mean
elongated root length among the four groups treated with
different types of filing (ultrasonic or hand) and differentTable 3 The mean elongated root lengths for 40 necrotic imma
(ultrasonic or hand) and different intracanal medications [MTA o
Case no.
Type of filing
Ultrasonic 20
Hand 20
Intracanal medication
MTA 20
Ca(OH)2 20
Combination
Group 1: ultrasonic þ MTA 10
Group 2: ultrasonic þ Ca(OH)2 10
Group 3: hand þ MTA 10
Group 4: hand þ Ca(OH)2 10
* Student t test showed significant differences in the mean elongat
Groups 3 and 4 (p < 0.001). However, there were no significant differ
(p > 0.99) and between Groups 2 and 4 (p Z 0.153).intracanal medications (MTA or calcium hydroxide;
p < 0.001). Group 1 incisors had a significantly shorter
mean elongated root length (2.1  0.2 mm) after treatment
than Group 2 incisors (3.5  0.3 mm, p< 0.001) and Group 3
incisors had a significantly shorter mean elongated root
length (2.1  0.1 mm) after treatment than Group 4 incisors
(3.7  0.3 mm, p < 0.001). Detailed comparisons of the four
mean elongated root lengths between any two groups are
described in Table 3.Discussion
In this study, 40 necrotic immature open-apex incisors were
selected and used for the experiment. To avoid bias, 40
incisors were evenly divided into four groups with each
group containing the same number and type of teeth (8
maxillary central incisors, 1 maxillary lateral incisor, and 1
mandibular central incisor) and the same number of teethture permanent incisors treated with different types of filing
r Ca(OH)2].
Mean elongated
root length (mm)
p (Student t test)*
0.695
2.8  0.8
2.9  0.8
<0.001
2.1  0.2
3.6  0.3
<0.001
2.1  0.2
3.5  0.3
2.1  0.1
3.7  0.3
ed root length between Groups 1 and 2 (p < 0.001) and between
ences in the mean elongated root length between Groups 1 and 3
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root apex < 2 mm and 5 teeth with the width of root apex
between 2 mm and 3.5 mm) in the same number of patients
with similar ages (5 patients aged 6.5e8.5 years and 5 pa-
tients aged 8.6e10 years) for easy comparison of treatment
outcomes.
This study found that both calcium hydroxide and MTA
apexification/apexogenesis were effective for treating 40
necrotic immature open-apex incisors. Three successful
clinical outcomes were noted: (1) all symptoms and signs
associated with the diseased teeth subsided after treat-
ment; (2) all periapical lesions associated with the diseased
teeth showed complete or nearly complete regression after
treatment; and (3) elongation of root apex with hard tissue
barrier formation or continued root development occurred
after treatment.
The disappearance of symptoms and signs as well as the
healing of periapical lesions were mainly due to the
effective disinfection of the root canal system by our
treatment procedures. In this study, all the diseased teeth
were treated by either ultrasonic or hand filing with irri-
gation of root canals by a large volume of 2.5% sodium
hypochlorite. Sodium hypochlorite is an excellent agent
that can dissolve pulp tissue.15 It also possesses a broad-
spectrum antimicrobial activity against endodontic micro-
organisms and biofilms, including microbiota that are
difficult to eradicate from root canals, such as enterococci,
actinomyces, and candida organisms.16,17 In addition, ul-
trasonic machines can provide both energized filing and
continuous irrigation with a large volume of disinfected
solution simultaneously. Ultrasonic filing alone can rupture
the bacterial cell wall and provide an effective cleaning of
the infected root canal system including the infected
dentinal tubules.13,14 The intracanal medication of calcium
hydroxide also helps in the disinfection of microorganisms
in the root canals.5e7 The placement of MTA in the apical
root canal also forms a hermetic sealing to segregate the
residual microorganisms and their toxic products from
diffusion into the periapical tissue.8 The above-mentioned
factors act together to result in the subsidence of symp-
toms and signs as well as complete or nearly complete
regression of the periapical lesions of the diseased teeth.
The elongation of root apex with hard tissue barrier
formation or continued root development after treatment
was due to several favorable factors. All our patients were
aged between 6.5 years and 10 years. Young children have a
greater healing capacity and may have more stem cells to
achieve hard tissue barrier formation or continued root
development.18 Several sources of stem cells can
contribute to continued root development. Immature per-
manent incisors have a wide root canal and apical foramen
that permits the ingrowth of small blood vessels and
regenerative pulp tissue. Previous studies suggested that
although open-apex teeth showed signs of pulp necrosis,
there might be still some residual viable pulp tissues in the
wide root canals and some residual apical papilla tissues in
the periapical tissue.18,19 These residual viable pulp and
apical papilla tissues can supply stem cells to the diseased
teeth for continued root development.
The root development needs both epithelial cells of
Hertwig’s root sheath and odontoblasts. Hertwig’s root
sheath cells are present at the apical end of immature rootsand are resistant to destruction, even in the presence of
inflammation.20 Hertwig’s root sheath epithelial cells can
induce the differentiation of mesenchymal stem cells into
odontoblasts that subsequently form the root dentin. These
mesenchymal stem cells may mainly come from either the
residual pulp tissue or the apical papilla tissue of immature
permanent teeth [so-called stem cells from the apical
papilla (SCAP)] as reported by Sonoyama et al19 and Huang
et al.21 SCAPs may survive the infection because of their
proximity to the rich vasculature of periapical tissues. After
effective endodontic disinfection, under the influence of
the survived Hertwig’s root sheath cells, SCAPs can differ-
entiate into primary odontoblasts to complete the root
apex formation.19 Two other possible sources of stem cells
that may contribute to apical root development are those
from the periodontal ligament or those from the bone
marrow.22e25
For apical hard tissue barrier formation, it took an
average of 5.4  1.1 weeks for open-apex incisors treated
with ultrasonic filing plus MTA, of 7.8  1.8 weeks for those
treated with hand filing plus MTA, of 11.3  1.3 weeks for
those treated with ultrasonic filing plus calcium hydroxide,
and of 13.1  1.5 weeks for those treated with hand filing
plus calcium hydroxide. These findings suggest that the
apical MTA layer is hermetic enough to separate the root
canal infection from reaching to the periapical tissue. This
provides a safe environment for the mesenchymal cells of
the apical tissue to form cementum- or bone-like tissues
onto the outer surface of MTA under the influence of
cementogenesis or osteogenesis induction ability of MTA.12
Moreover, the ultrasonic filing with irrigation of a large
amount of sodium hypochlorite may be more efficient for
root canal disinfection than hand filing with irrigation of
similar amounts of sodium hypochlorite solution.13,14 These
two reasons could explain why teeth treated with ultra-
sonic filing plus MTA needed the shortest mean duration for
apical hard tissue barrier formation. However, the place-
ment of a MTA layer in the apical root canal near the apical
foramen may destroy the residual viable pulp tissue and has
a risk to disturb the apical papilla tissue. On the contrary,
placement of calcium hydroxide in the coronal root canal
can allow the survival of residual pulp and apical papilla
tissues which subsequently may contribute to continued
root development.18 These two reasons could further
explain why open-apex incisors treated with intracanal
medication of calcium hydroxide generated a greater mean
elongated root length than those treated with MTA,
regardless of the use of ultrasonic or hand filing.
Pradhan et al26 showed that open-apex teeth treated
with hand filing plus MTA or calcium hydroxide took a mean
duration of 3  2.9 months or 7  2.9 months to form the
apical hard tissue barrier. Furthermore, El-Meligy and
Avery27 demonstrated that open-apex teeth treated with
hand filing plus MTA or calcium hydroxide needed w 12
months to form the hard tissue apical barrier and two cases
failed to be treated by calcium hydroxide. We suggest that
the faster apical hard tissue barrier formation and none of
failure cases in the present study may be due to adoption of
ultrasonic filing and 2.5% sodium hypochlorite as the irri-
gation solution that combine together to achieve sonosy-
nergistic effects on disinfection of the root canal
bacteria.13e17 The present results were also consistent with
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mean duration for apical hard tissue barrier formation in
necrotic immature permanent incisors treated with ultra-
sonic filing plus irrigation of 0.2% chlohexidine solution than
in those treated with hand filing plus irrigation of 0.2%
chlohexidine solution.28
This study found that ultrasonic filing could provide an
effective cleaning of the infected root canal system. Ul-
trasonic devices can be used not only in endodontics, but
also in periodontology, orthodontics, dental surgery, and
diagnosis of oral and maxillofacial lesions such as periapical
lesions and oral malignancies.29e31 Moreover, the invasion
depth of oral malignancies and the size of their neck met-
astatic lymph nodes can also be measured by the ultrasonic
devices.29e31
In the present study, 40 necrotic immature permanent
incisors treated with either calcium hydroxide or MTA
apexification/apexogenesis achieved successful clinical
outcomes, such as disappearance of all symptoms and
signs, healing of all periapical lesions, and elongation of
root apex with hard tissue barrier formation or continued
root development. The necrotic immature permanent in-
cisors treated with MTA needed a shorter mean duration for
apical hard tissue barrier formation than those treated with
calcium hydroxide using either ultrasonic or hand filing.
Furthermore, teeth treated with ultrasonic filing required a
shorter mean duration for apical hard tissue barrier for-
mation than those treated with hand filing, despite the
intracanal placement with either MTA or calcium hydrox-
ide. When the open-apex incisors were treated with cal-
cium hydroxide as the intracanal medication, complete or
nearly complete root development with formation of a
conical root apex and a significant elongation of apical root
length were observed by periapical radiography. However,
if the open-apex incisors were treated with placement of
MTA in the apical canal near the apical foramen, a blunt
root apex with significantly less elongation of apical root
length were found by periapical radiography. Although the
calcified tissues at the newly formed root apex are reported
to be cementum- or bone-like materials, further studies are
needed to elucidate the exact composition of these apical
barrier hard tissues.32 In addition, the results of this study
indicate that to guarantee continued root development, it
is better to place the MTA paste in the coronal root canal
instead of the apical root canal after the disinfection of the
root canal has been achieved in order to preserve the re-
sidual viable pulp tissue and to avoid disturbing the apical
papilla tissue.18References
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